Future Prospects
So far, with the exception of the control of hydrocephalus, treatment has mainly been along well-tried traditional lines. While these methods have, on the whole, given good results, there is clearly a future for new techniques including powered prostheses, and powered exo-skeletons as well as improved means of transportation. Caldwell (1967) has already shown the clinical possibilities of the implanted pacemaker for sphincter control. Its use for stimulation of the detrusor and limb muscles will certainly follow. These techniques, which have been devised primarily for other forms of paralysis, will be successfully applied to spina bifida only when we know more of the fundamental nature of the lesion. It is not usually a simple trans-section as seen in traumatic paraplegia. Besides varying degrees of malformation, there are often degenerative changes which have started long before birth. Much more research is needed to correlate operative and post-mortem findings with electromyographic and nerve-transmission studies.
Conclusion I am confident that steady advances in the treatment of spina bifida will be achieved, both in the numbers of patients reaching specialized units promptly and in the scope of help available for each individual case. The most gratifying trend that I have observed in the past few years is towards the recognition of spina bifida as a treatable disease and furthermore one which requires urgent and active treatment for its victims. The parents of patients are actively working to better their lot and have banded together to found the Association for Spina Bifida and Hydrocephalus (ASBAH). They hope to make the name 'spina bifida' as well known to the general public as 'polio' or 'spastic'. Clearly, many of these unfortunate children will not grow up to lead normal lives, but if we are going to help them survive we must attempt to minimize their eventual disability by early and vigorous treatment. My part as an orthopedic surgeon is, among other things, to assess the results of management of these children especially as regards their mortality and paralysis relative to the treatment that has been given to them. The results of a controlled trial that we attempted in 1962 showed preliminary evidence of improved motor function in the lower limbs in children treated by operative closure of the spinal lesion in the first forty-eight hours compared with those treated conservatively in the early days of life, as was the usual management five years ago. The object of the trial was to determine the effects of immediate operation on mortality, hydrocephalus and lower limb paralysis. The numbers of patients included in the trial made it possible only to show that the mortality of early operation was not significantly different from that of conservative treatment up to the end of the third month of life and that the degree of hydrocephalus did not appear to be affected. The effects as regards paralysis were much more striking. No patient treated surgically in a consecutive series of 20 patients with myelomeningocele showed any greater paralysis than he had when first examined within forty-eight hours of birth and some showed quite marked improvement. In those managed conservatively, no patient showed any improvement and many showed steady deterioration in motor power in their lower limbs. Since the conclusion of the trial in early 1962, every infant born with a myelomeningocele and seen within the first forty-eight hours of life has been treated by immediate operative closure of the spinal lesion however large the defect and however extensive the paralysis in the lower limbs has appeared to be. The only exceptions have been a few patients moribund on admission from other causes and all these children died within the first twenty-four hours. Sufficient children have been subjected to early operation to allow a retrospective comparison of the end-result after three years or more of a large series for comparison with patients treated by conservative management. The two groups have been shown to be comparable particularly as regards size and site of the spinal lesion and they include thoracic, thoracolumbosacral, thoracolumbar, lumbar, lumbosacral and sacral myelomeningocele lesions. Pure meningoceles have been excluded as have cervical and occipital lesions. Statistical details have been reported elsewhere (Sharrard 1967) .
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Mortality
It might at first sight seem simple to assess the mortality by taking the total number of patients treated and discovering how many of them were still alive at the end of the third year of life. This gives a reasonably accurate figure in those treated by early operative treatment since this includes only patients seen within the first three days of life. Many of the conservatively managed patients were not referred to the Children's Hospital for our attention until after the end of the first week and sometimes not until they were 2 or 3 months old. Those who were referred later were already a selected group and special statistical techniques are required to determine the true mortality in the conservatively managed group of patients in the form of a life table assessment as suggested by Laurence (1964) . In a total group of 526 children with myelomeningocele, approximately equal numbers ofwhom were treated by early closure or by conservative management, the mortality at the end of the third year of life ofpatients treated conservatively was 67-8% and of patients treated operatively was 48-8 %, a difference of a very high statistical significance. A more detailed analysis of mortality in relation to the day of operation shows that the least mortality occurred in those operated on during the first day of life. The mortality of operation was slightly greater on the second and third days, and after the fourth day of life the mortality of operation was as great as or greater than that of conservative management.
Hydrocephalus
Some neurosurgeons have long held the view that early operation on the spinal lesion increases the liability to hydrocephalus. Hydrocephalus is an extremely common accompaniment of myelomeningocele whether operated upon or not. In this series, the proportion of clinically significant hydrocephalus in the conservatively treated group was 83% compared with 79% in those treated operatively. Early operation, by preventing leakage of cerebrospinal fluid, may perhaps bring to light hydrocephalus rather sooner than conservative management but the total amount of hydrocephalus does not seem to be affected.
Paralysis
Those who have had no personal experience of examining a newborn child for paralysis always assume that it is difficult if not impossible to record paralysis at this time of life. Provided that the child is warm, awake and irritable there is no intrinsic difficulty in establishing strong, weak or absent activity in most muscle groups in the lower limbs and I have found that tentative muscle charts done on the first day of life have proved to be remarkably concordant with muscle charts done when the child was older and able to cooperate in muscle testing. The results of the larger series have all confirmed those of the controlled trialthat is that children treated conservatively have often shown increasing paralysis and that those treated operatively have shown improvement, sometimes of a very dramatic order. There are those who dispute the possibility of improvement in the paralytic state in the lower limbs compared with that seen when the child is a few hours old but there are few who have not observed increasing paralysis under conservative regimes of management. The end-results speak for themselves. At the end of the third year, of those originally treated conservatively, 60% had complete or severe paralysis of the lower limbs, 28 % had partial paralysis and 12% had normal or nearly normal lower limbs. Of those treated operatively during the first four days of life, 24 % had complete or severe paralysis, 42 % were partially paralysed and 34 % had normal or almost normal lower limbs. Improved surgical technique and operations performed on children within the first twelve hours of life have shown even better results as far as paralysis is concerned and less than 10% of children operated upon during the last three years have complete or severe paralysis of their lower limbs. Perhaps the most important lesson to learn is that a child with an extensive lesion and apparently completely paralysed lower limbs quite often has the capability for recovering a good proportion of muscle power in its lower limbs however bad it may seem to be when it is first seen. It is true that large thoracolumbosacral lesions have a worse prognosis as far as mortality and paralysis are concerned than lumbosacral or sacral lesions but we have no absolute means of determining the prognosis except to say that early operative treatment gives the best chance of survival and good lower limb function.
Faradic stimulation of the nerves and muscles of the lower limbs at birth can give some useful additional information about potential for recovery even though it cannot determine whether the central connexions will be intact. Stoyle (1966) has shown that faradic stimulation is particularly valuable in demonstrating which muscles will not recover. In some children, very strong faradic stimulation will produce no response in some muscles in the lower limbs as these muscles have suffered denervation or have never been innervated when the child was in utero. These Section ofPhysical Medicine 769 muscles will never recover, however early or adequate the operation upon the spinal lesion.
Birth Deformities Some children show no lower limb deformities at birth. It is interesting to discover that, in these children, there is almost always a completely normal faradic response in all the lower limb muscles and biopsies of the muscles show that they have an intact lower motor neurone innervation throughout. In other patients a wide variety of deformities may be seen, including dislocation of the hips as a true intrauterine deformity, recurvatum of the knees and all kinds of varus, calcaneus and other deformities of the feet. Faradic stimulation of the lower limbs in these children shows that the response of lower limb muscles almost always corresponds exactly with the deformity. If there is a dislocated hip, for instance, there is always a strong response in the hip flexors and adductors and a weak or completely absent response in the gluteal muscles. Where there is recurvatum of the knee, there is a strong response in the quadriceps and a weak or absent response in the hamstring muscles. When there is calcaneus deformity there is a strong response in the dorsiflexors and no response in the calf musculature. These findings imply that the deformities that present at birth are intrauterine paralytic deformities. Necropsy studies and experimental spina bifida in rats have confirmed that this is so. The importance of this finding is that it greatly influences the management of the deformity. The usual methods for treating congenital dislocation of the hip and birth deformities of the feet are not applicable because the deformities are likely to recur if the muscles that cause them have been retained by early operation on the spinal lesion. Operative correction of deformities and muscle balancing procedures such as we used to use in poliomyelitis are the main requirements for these children.
Orthopjxdic Surgery in Spina Bifida
The need for orthopedic surgical treatment for the paralysis and deformity that may result from spina bifida, whether the spinal lesion has been treated operatively or conservatively, is tremendous. If there is muscle imbalance at any joint, it is seldom possible to achieve permanent correction other than by operative means. Correction of deformities by plasters or splintage is often a dangerous manceuvre in children who are liable to pressure sores and a pressure sore that has once been allowed to develop in a foot is a tragedy which should never have occurred. For the same reason, I have completely abandoned the use of night splints; they fail to prevent deformity that cannot be held in check by simple passive stretch-ing. All kinds of tenotomies, muscle elongations, tendon transplants, osteotomies and bony excisions have been needed in one patient or another in order to achieve correction of deformity and to give maximum function in the remaining muscles in the lower limbs. Once deformity has been corrected and muscle balance achieved at each joint, physiotherapy, calipers and various aids to walking can result in a high proportion of children with independent mobility. No child with spina bifida should be relegated to a wheel chair until or unless all other attempts have failed. In a wheel chair he becomes tremendously obese, he is likely to develop ischial sores, renal drainage is poor and permanent fixed deformity of hips and knees may develop. Over 90% of children with myelomeningocele in our series who have reached the age of 5 years or more are capable of independent walking, some with calipers and some without.
Finally, some of the most difficult problems of spinal deformity at birth and those developing in the course of growth can be corrected by techniques that we are now developing in spinal osteotomy resection. In particular, the severe deformity of lumbar kyphosis associated with myelomeningocele can now be corrected by a combined orthopedic and neurosurgical technique on the first day of life to give a sound closure which still preserves maximal neurological function by filleting the bones and leaving the neural tissues intact.
